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LOW SULFUR, LO W EMISSION BLENDS OFHSCHER-TROPSCH 
AND CONVENTIONAL DIESEL FUELg 

HELD OFTHE INVENTION 

Hiis mventian relates to blends of Hsch^Tropsch derived fuels and 
coiiveaitional peteoleum fiiels. More particularly, this inveatioii relates to a 
blended fuel, usefid in a die&el engine which is low in sulfur and demonstrates 
better riban predicted emissioas charactrastics. 

BACKGROUND 

A concern for fixture diesel fuels is the ability to produce highea: quality 
and cleaner burning diesel fuels without extensive and expensive reprocessing. 
Typical factors detiimmtal to fuel quality are high sulftir, high density, high end 
boiling and T95 points, (the temperature at which most all the tnft fmj qi has 
boiled off, living only 5 % remaining in the distillation pot) high aromatic and 
polyaromatic contents. These factors have been shown to have a detrimental 
effect on ecnissidns. For exait^)le, see the Coordinating Research Coimcol 
(CRC> study on heavy duty diesels in die United States reported in SAE papers 
932735, 950250 and 950251, and the European Programme on Emissions, Fhels 
and Engine Technologies (EPEFE) study on light and heavy duty diesels 
reported in SAB papers 961069, 961074 and 961075. 

In cOTtrast, emissions measurements on Pisch«:-Tropsch diesel fuels, 
which have virtually nil sulfur, aromatic and polyaromatic contents demonstrate 
favorable emissions chaiaccmstics. A r^ort by the Southwest Research 
Institute (SwRI) entitted "The Standing of Fischer-Tropsch Diesel in an Assay of 
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Fuel Perfonnance and Emissions" by Jimell Erwin and Thomas W- Ryan, lH, 
NREL (National Renewable Energy Laboratory) Subconnact YZ-2-113215, 
OctobOT 1993, details the advantage of Fischer-Tropsch fuels for lowering 
emissions when used neat, that is, use of pune Kscber-Tropsch diesel fuels, 

Etesently, there remains a need to develop an economic, low sulfur 
distillate fuel blend useful as a diesel fuel which has lowered emissions after 
combustion and allows a greater portion of the distillate to be used as a high 
value premium product* In particular, sulfur levels, emissions of solid 
particulate matter (PM), and nitrogen oxides (NQx) are important due to cuirrat 
and proposed ^vironmental regulations. While it has bera disclosed &at 
Fisciher-Tropsch fuels can be blended with conventional fuels, see for example 
U.S. Patent No. 5,689,031 herem incorporated by reference, the ability to furth^ 
improve such blends with respect to emissions provides a distinct economic 
advantage. 

The citations of &e sevraal SAB papers lefetraced herein are: 
P J. Zemroch, P. Schimmedng, O. Sado, CT. Gray and Hans-Martin Burghaidt, 
""European Programme on Emissions, FueU 'mid'&igUie Technologies-Statistical 
Design and Analysis Techniques\SAEpapot 961069. 
M. Signer, P, Hdnze, R. MCTcogliano and J J. Stein, "European Programme on 
Emissions, Fuels and Engine Technologies-Heavy Duty Diesel Study\ SAE 
paper 961074. 

D J. Rickeard, R. Bonetto and M. Signer, '\ "European Programme on 
Fusions, Fuels and Engine Technologies-Comparison of Light and Rea^ 
Duty Diesels^ SAE paper 961075. 

KLB. Spreen, TJL tJUman and Ri. Mason, "Effects ofCetane Number, 
Aromatics and Oxygenates on Emissions from a 1994 Heavy-Duty Diesel Engine 
with Exhaust Cat€dyst\ SAB paper 950250. 
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KB. Spreen, TX. Ullman and RX. Mason, "^cts afCetane Number on 
Emisskmsfrom a Prototype 1998 heavy Duty Diesel Engine", SAE paper 
950251. 

Thomas Ryan m and JmieU &win, -IXesel Fuel Composition Effect on Ignition 
and Emissions"^ SAE paper 932735. 

M. Hublk, P.G. Gadd. D£. HaU, K.P. Schindlesr. "European Programme on 
Emissions, Fuels and Engine Technotogies-Ugkt Duty Diesel Stuffy", SAE paper 
961073, 

SUMMARY OF THE mvPNmnj j 

Aceardiiig to an enabodunent of this invention is provided a Mended fuel, 
useftil as a diesd ftel, wherein the fuel bJend contains an undercut conventional 
diesel fuel, blended with a Hscher-Tropsch derived diesel fuel, such that flie 
blend demonstrates better than expected emissions and a reduced sulfur content. 
In particular, the blend is an asymmetric diesel fuel blend campdsing a Rscher- 
Tropsch derived hydrocarbon distillate having a T95 of at least 600^P (316" Q, 
preferably at least 650* F (343' C), more preferably at least 700-750* F (37l« C- 
399" Q, blended with a peftoleum derived hydrocaibon disfillafe havlhg an 
initial boiHng point and a T95 no greater than 640" F (378« C), preferably aT95 
no greater than 600" F (31 6" Q whetem the blend has a sulfta- content of less 
than 500 wppm. The resultant diesel fuel blend is characterized by an in^rir.! 
boiling point ranging fiom at least 280' F+ (1 38 C+), preferably at least 300» 
F+ (149» C+). more preferably 320* F+ (160° C+) and a T95 up to about 700* F 
(371* Q, preferably up to about 680* F (360* Q. even mote piefeiably up to 
about 660* F (349* Q. stiU more prcfeiably np to about 640* F (378* C) and 
contains: 
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Sulfur 



< 500 wppm, preferably < 150 wppm, more 
prrferably < 50 wppm, even more preferably < 30 
wppm, 



Polyaiomatics < 1 1 wt %, preferably < wt 5%, more preferably < 1 



wherdn tiie Hscber-Tropsch distillate comprises 5-90 voL % of the blended 
diesel fuel, prefaably 20-80 voL moofe preferably 30-80 voL %. 

A typical diesel ftiel boils in the range g£ about 320-700^ P. However, 
sulfur levds generally increase with boiling pcmit, i.e., heavier diesd derived 
from crude oil has a bigiiersaliurcont^lbanligliterdieseL See Jimell Erwin, 
Thomas W. Ryan, m, Ihe Standing ofFischer-Trppsch Diesel in an Assay of 
Fuel Petformance and Rnissions", NREL (National Renewable Energy 
Laboratory) Subcontract YZ-2-1 13215, October 1993. The blend of the 
invention provides a fuel having reduced sulfur levels and emissions levds 
lovfex than those predicted by standard correlations, e.g., European Program on 
Emissions Fuels and Engine Technologies, SAE Paper 961073, by eliminating 
the heavy end of die conventional diesel fud and rqdacing the heavy end with a 
low sulfixr Fischer-Tcopsch derived diesel fiiel boiling above tiie range of a 
normal diesel fiieL In addition lo reducing sulfur levels, the diesel fUel blend of 
tills invention outpetfcnto predicted emissions levels, especially in emissions of 
nint>us oxides. 



wt%. 



Cetane number 



> 50, pa»ferably > 55, more preferably >60, 



Density 



from about 0.79 to about 0.85 



t 
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t>BTAn Fn DESCRipnnN OF the iNVENinf O T^ 

"ITie Rscher-Tcopscli process is well known to thosse skilled in the art, set 
for example, U.S. Patent Nos. 5,348,982 and 5,545,674 hwein incorporated by 
reference. lypicaUy the Hscher-Tiopsch process involves the inaction of a 
synthesis gas feed comprising hydrogen and carbon monoxide fed into a 
hydrocarbon synthesis reactor in the presence of a Fischer-Tropsch catalyst, 
generally a supported or unsupported Group Vm, non-noble metal e.g.. Rs, Ni, 
Rn, Co and wiih or without a pnwnoter e.g^ ruthenium, iheniuni and zireoniran. 
These processes include fixed bed, fluid bed and slmiy hydrocaiton synthesis. 
A piefecred FSscfaer-Tipps«3h process is one that utilizes a non-shifling catalyst, 
such as cobalt or ruthenium or mixtmes thea^of, preferably cobalt, and 
preferably a promoied cobalt, the promoter being zirconium or rhenium, 
preferably ihenimn. Such catalysts are well known and a preferred catalyst is 
described in U.S. Patent No. 4,568.663 as weU as European Patent 0 266 898. 
The synthesis gas feed used in the process comprises a mixture of Ha and CO 
wherem HazCO are present m a ratio of at least about 1.7, preferkMy at least 
about 1.75, mate preferably 1.75 to 2S. 

Regardless of tiie catalyst or conditions employed however, the high 
pr^rariion of nomaal paraffins m die product produced by the Hscher-Tropsch 
process must be converted from waxy hydrocarbon feeds into more useable 
products, such as transportation fuels. Thus, conversion is accomplished 
primarily by hydrogen treatments involvmg hydrotreating, hydzoisomerization, 
and hydrocracfcing in which a suitable fraction of the product is contacted with a 
suitable catalyst m the presence of hydrogen to isomeiize the ftaction by 
conveating the molecular structure of at least a portion of the hydrocarbon 
material fiom normal paraffins to branched iso-paiaffins to fonn the desh-ed 
prodact, as is known to those skilled m the art 
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Hydroisomerization and hydrocracldng are weD known processes for 
i^grading hydrocarbon synthesis products and their conditions can vary widely. 
Hydroisomerizalion is achieved by reacting tfie waxy feed with hydrogai in the 
presence of a suitable hydoisommzation catalyst While many catalysis may be 
satisfactory for this step, some catalysts pedcnm better than others and are 
prefOTed. For example, applicants preferred hydroisomerization catalyst 
comprises one or more Group VHI noble or non-noble metal components^ and 
depending on the reaction conditions, one or more non-noble Tn^tgils such as Co, 
Ni and Fe, whic^ may or may not also include a Group VIB metal (e.g.. Mo, W) 
oxide promoters* supported on an addic metal oxide support to give the catalyst 
both a hydiogenation and dehydrogenation function for activating the 
hydrocarbons and an acid function for i5omeiization» However, noble metals 
reduce hydrogenolysis, particularly at lower tempeiatur^ and will therefore be 
preferred for some applications. Preferred noble metais are Pt and Pd. The 
catalyst may also contain a Group IB metal, such as copp«, as a hydrogenolysis 
suppressant The cracking and hydrogenating activity of tiie catalyst is 
determined by its specific composition. The metal Groups ref^jed to hwein are 
those found in tbe Sargent-Welch Periodic Table of tiie Element, copyright 
1968. 

The acidic support is preferably an amorphous silica-alumina where the 
silica is present in amounts of less tiian about 30 wt %, preferably 5-30 wt %» 
more preferably 10-20 wt %. Additionally, the silica-almnina su^MMt may 
contain amounts of a tdnder for maintaining catalyst integii^ during hi^ 
teo^eratuie. hi^ pressure processes. Typical binda:s include silica, ahimipi^ 
Group IVA metal oxides, e.g., zirccmia, titania, various types of clays, magnesia, 
etc^ and mixtures of fte foregoing, preferably alumina, ^ca. or ziiconia, most 
pr^erably alumina. Binders, when present in the catalyse composition, make up 
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about 5-50% by weight of the support, preferably 5-35% by weight, more 
preferably 20-30% by weight 

Characteristics of the support preferably include surface areas of 200-500 
m /gm (BET method), preferably about 250-400 W /gm; and pore volume of 
less than 1 mygm as determined by water adsorptioa preferably in the range of 
about 0.35 to 0.8 m/gm, e.g., 0. 57 ml/gm. 

The metals may be incorporated onto Ihe support by any suitable method, 
and the incipient wetness technique is prefeaied. Suitable metal solutions may be 
used, such as nidcel nitrate, coppo- nitrate or othar aqueous sohible salts. 
Preferably, the metals are co-impregnaled onto the support allowing for intimate 
contact between the Group Vm metal and the Group IB metal, for example, the 
fonnatioii of bimetallic clusters. The impregnated support is then dried, B.g., 
over night at about lOO^-lSO" C, foUowed by calcination in ak ai temperatmcs 
ranging fix»TO about 200*-550" C, preferably 350"-550° C, so that there is no 
excesave loss of surface area or pore volume. 

Group vm metal concentrations of less than about 15 wt % based on total 
weight of catalyst, preferably about 1-12 wt %, more piefembly about 1-10 wt % 
can be employed. The Group IB metal is usuaHy present in lesser amounts and 
may range from about a 1:2 to about a 1:20 ratio respecting the Group Vm 
metal. 

Nevertheless, the Fischer-Tropsch derived distillates that may be used hi 
the blends of this invention include distillates recovered &om the Fischer- 
TVqpsch reactor, whether ornot hydrotreated, U., hydrogen treatments in fee 
presence of a suitable catalyst, including but not limited to, one or more of 
hydrotreating, hydioisoniBrizadon, dewaxing and hydrocracldiig, as weU as 
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distillates recovered from fractionating the wax containing product frpnj the 
Fischer-Tropsch reactor, whetijOT or not hydrotreated. However* a prefeacced 
Fischer-Tropsch doived distillate comprises a distillate fraction derived from 
any hydioisomeiized wax containing Fischer-Tropsch feed utilizing any suitable 
hydroisonieiizalion catalyst imder standard hydrdsom^aization conditions 
cozmnonly known in the art 

Pref^bly, the Hscher-Tropsch derived hydrocarbon distillate has aT95 
of at least more prefeaably the Fischer-Tropsch derived distillate has an 
initial boiling point of at least 300" F and a T95 of at least 650*F, even more 
preferably an initial boiling pomt of at least 320T and a T95 of at least 700-750* 
F and contains: 

SnJfur, nitipgen < 10 wppm, preferably < 5 wppm, more 
preferably < 1 wppm, 

Aromatics < 1 wt %, preferably < 0. 1 wt %, more prefeaably 

raidetectable by ASTM D-5292 

Cetane nusiber > 65, piefwably > 70, 

The conv«itioiial petrolenm daived fuel may be any conventional low 
sulfur diesel fuel, i.e., low sulfur No. 2-D diesel fuel as specified in ASTM D- 
975-98b, whidi may be derived from crude oil by conveotional petioleum 
processing oar from slack wax or from other feed stocks, and is chatacteiized as 
an undercut diesel fuel, that is, a fael that has a final cut point below the boiling 
range of a typical diesel fUel. Preferably, the undercut conventional blend stock 
of this invention has a T95 no greater than 640*^, preferably a T95 below 600° 
F. However, because sulfur level increases with boiling point, cut points may be 
varied, i.e., decreased, to achieve desired sulfur levels in the convrational blend 
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stock. In this way, sulfur levels of the final blend may be conirollcd based on 
the final cut point of the conventional diesel blend stock. 

A better iUustration of the prefrared embodiments of fliis invention may 
be had by Hie following comparisons and examples. 

A diesel fuel blend was prepared by combining an undercut conventional 
low sulfhr No. 2-D diesel fuel (ASTM D975-98b) with a Fischer-ltopsch 
derived diesel ftiel blend siocJc 



Tb& KsGhep-Iippsch distillate blend stock was prepai«d as follows: 

A SOOr F+ Hscher-Trt^sdi derived wax containing feed was nm through 
two 0.5 in. up-flow fixed bed reactors, Rl and R2, connected in series and 
contained within an isothermal sand barh where the product of the first reactor 
(Rl) was fed directly into the reaction zone of the second reactor <R2). 

Rl contained 80 cc (44.7 gms) of a commercially available 
hydxoisomerizatioii catalyst comprising 0.5 wt% Pd on a siUcaralumina support 
containing nominaUy 20 wt % alimiina/80 wt% silica and 30 wt% alumina 
binder. R2 contained a catalyst blend containing 29 cc (16.2 gms) oif a 
commerdaUy available dewaxing catalyst comprising 0.5 wt% Pt on an 
exirudate containing Theta-1 zeoHte (TON) and 5 1 cc (27.5 gms) of the 
hydroisomerization catalyst contained in Rl. The extmdate was crashed and the 
-8, +20 mesh used to load a portion of the fixed bed reactor. There was no 
treatment or interstage stripping of flie hydroisomerized product of Rl prior to 
feeding into R2. 
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The 300° F+ wax feed was run throug^i Rl running at conditions that 
result in about 50% conversion of the 700° F+ material to 700° F- and dewaxing 
was run through R2 to achieve a cloud point less than -20* C. The isothermal 
reactor conditions were as follows: 715 psig, 1650 SCF/Bbl hydrogen treat rate 
at 0.854 LHSV and a t^peratore of approximately 606° F. 

Product distribution from the process detailed above is shown in Table 1 
below and the boiling point cuts used in ths> Fischer-T^psch blend stock are 
indicated as Fuel 1 . The feed was obtained by reacting hydrogen and CO over a 
Fischer-Tcopsch catalyst comprising cobalt and ifaenium on a titania support In 
particular. Fuel 1 conipdsed a 300-800° F Fischer-Trapsch derived hydxocaibon 
distillate firaction. 



TABLE 1 



BOnJNQ RANGE 


YIELD,WT% 


FUELl 


rop-28o*F 


10.492 


No 


280-300T 


2.744 


No 


300-700«P 


53.599 


Yes 


700-800''F 


10.016 


Yes 


800^"+ 


23.149 


No 



By virtue erf using the Fisch^-Tropsch process* the Fischer-Tiopsch 
derived distillate has essratially nil sulfur and nitrogen. F^inher, the process does 
not make aromatics and polyaromatics, or as usually operated, virtually no 
aromatics are produced. Some olefins and oxygenates may be jooduced since 
one of the pathways for the production of paraffins is through an olefinic 
intermediate. Preferably, olefin concentration in the Fischar-Tropsch d^ved 
distillate is less than 10 vol %, more preferably less than 5 vol %, even more 
preferably less than 1 vol % (ASTM D-2710). Neverflieless, olelBn and 
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oxygesnate concentration ate relatively lo^, and essentially nil after 
hydrotreatmenL 

The undercut conventional diesel fUel was a U.S. No. 2-D low sulfur 
diesel fuel (ASTM D975-98b). In particular, the conventional diesel fuel 
comprised an undercut diesel fuel which has a nominal boiling range of about 
320-640* F and is indicated as Fuel 2. Sulfur levels listed in Table 2 were 
detfiOTiined using ASTM D-2622. 

TABL52 



BOILING RANGE 


yTFJ,D,WT% 


FUEL2 


Sulfur, wppn 


mp-eooT 


61.43 


Yes 


22 


600-625'^F 


11,48 


Yes 


238 


625-640°F 


6.03 


Yes 


6S5 


640-650*? 


3.81 


No 


1054 


650-660T 


4.44 


No 


1632 


660-675^ 


9.69 


No 


1834 



The entire conventional diesel dBF-eTS" F) qualifies as a low sulfiir 
diesel, i,e,, tiie sulfur levels are < 0.05% of the total fuel by weight, as 

designated in ASTM D975-98b and contains 417 wppm of sulfirr, whereas the 
undercut diesel (IBP-640* P). PUel 2, contains only 104 wppm. Thus, as 
iUusirated from the factions containfid in Table 2, sulfur level increases with 
boiling range. 

A 50/50 blend of the heavy Hscher-Tropsch diesel (Fuel 1) and die undercut 
conventional diesel (Pud 2) was prepared for engine testing and is indicated as Fuel 
3. 
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For emissions testing, the combined fiiel blend was compared with two 
conventional petroleum diesel fuels referred to hereafter as Fuel 4 and Fuel 5. 
Fuel 4 was a U.S. No 2-D low sulfiir diesel fuel (ASTM D975-98b) and Fuel 5 
was a European Low Sulfur Automotive diesel (LSADO). Table 3 below 
provides a comparison of the relevant characteristics for Fuels 3-5. 

TABLES 



PROPERTY 


FUEL3 


FUEL 4 


FUEL5 


Density (ip-365) 


.8090 


.846 


.854 


Sulfur, %(RD8C/1Q) 


<0.1% 


0.04% 


0.05% 


IBP, "C (ASTM D-86) 


179 


197 


184 


T50, °C (ASIMD-86} 


280 


294 


288 


T95, "C (ASTM&.86) 


355 


339 


345 


Cetane (astM]>613) 


61.5 


53.0 


50.1 


Aiomatics, total % 


14.6 


27.9 


26.7 










Polyazomatics, % 


0.8 


7.1 


6.4 


(IP-391> 








Cloud Poini,*'C 


-19 


-6 


-5 


(ASTMD.S771) 








CEPP, "C ap.309) 


-26 


-7 


-18 
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Each standard analytical tecshnique used to determine the components of 
Fuels 3-5 is shown in parendieses. Table 3 illustrates ftm the blend of the 
invention has significantly lower snlfiir levels as con^kared to each of the 
conv^lianal fiaels. 



ENGINE TEsnmn 



For comparison, the blended diesel fuel of the invention (Riel 3) was 
compared with the conventional petroleum fuels. The fuels weie evaluated with 
a Peugeot 405 Indirect Injection (JDJ) Kght duty diesel engine. Regulated 
emissions were measured during hot-stati transieni cydea aod emissions of 
hydrocarbons (HQ, carbon monoxide (CO), nitious oxide (NOx) and paitieulaie 
mattKr (PM) were measured. The results are summarized in Table 4 below. Test 
data is represented as the absolute value in gmmp-hr which is followed by the 
percent change far each emission value verses the base, Fuel 5; a conventional 
petroleum diesel fuel. AU fuels were run through the combined Urban Drive 
Cycle and Extra Urban Drive Cycle (common^ known as ECE-EUDC 
respectively) hot and cold test protocols in dupUcat© in a randomized design. 

The light duty European test cycle is peitecmed in two parts; 

ECE: this mban cycle represents inner city driving conditions after a cold 
start with a mayimnm speed of 50km/h, and 

EUDC: the extra-urban driving cycle is typical of suburban and open road 
driving behavior and includes speeds up to 120 km/h. The data is based on the 
combined emissions of the ECE and EUDC cycles expressed in g^L See SAE 
Papers 961073 and d6l068. 
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Fuel 5 was used as tbe reference and therefore run in triplicate; all other 
fuels wCTe run in duplicate. The data r^iresMits the average values fix)m the 
combination of the ECE-EUDC test procedures ("combined ECE-EUDC" 
r^Karting method). 

TABLE 4 





HQ 


Delta 


NQx 


Delta 


CO 


Delta 




Delta 


Fuels 


0.05 


-55.8% 


0.58 


-13.1% 


0.43 


-41.8% 


0.045 


-413% 




0.103 


-12.5% 


0.644 


-3.4% 


0,650 


-11,6% 


0.076 


-1.5% 


Fuels 


0.118 


basis 


0.669 


basis 


0.736 


basis 


0.077 


basis 



The data revealed signzBcandy lower emissions produced from applicants' 
diesel fuel blend, Riel 3, than observed with either of the convauianal diesel 
fiids ^uels 4 and 5). Ih particular, ^licants blaid. Fuel 3 produced emissions 
with a 55.8% decrease in hydrocarbons, 41.8% decrease in carbon monoxide, 
13.1% decrease m nitrogen oxides and 41.3% decrease in particulate matter as 
compared to the base conventional diesel fiieL However, a closer review of the 
data shows that the fuels of this invention have a substantial advantage in 
particulates and nitrog^ ojddes emissions above that which would be Kcpected, 
See SAE 961074 and 961075. In tiiis regard, it is weU blown in the art that the 
most critical emissions parametar far a diesel fbel is the PM-NOx ttade-off, i.e., 
there is a known inverse relationship between particulate matter and NOx. See 
SAE 961074 and 961075. Thus, in regard to emissions, decreasing one variable 
will normally result in increasing the other variable. 

Tabb 5 below details the predicted changes for light duty (Le., passenger 
car) diesel eaigines according to the well recognized European Etogram on 
Emissions, Fuels and Engine Technologies (EPEFE) smdy in Europe undertaken 
by ihe government, auto and oil companies to define the relationship between 
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fiiel properties and emissions based on variables in density, cetane number and 

T95; see SAE Paper 961073, Tables 3 through 6. The left hand column indicates 

the two poUutants (particulate matter and nitrogen oxides) along with the 

changes m absolute emissions m g^p-^hr and petceni change (% 

increaseCpositive) or % decrease(negative)) for each of the four fuel 

characteristics shown at the top of die cohanns. The emission change (in g^p- 

hr and percent) is based on a deviation of one of the four fuel characteristics as 

shown in paxenfhesis. For example, if the T95 was lowered by 55* C, the 

particulate emissions would decrease by 6.9% while the N(>x would increase by 
4.6%. 







TABUB5 








Density 
(-0.027) 


Polyaromatics 
(-7%) 


Cetane 
(+8 numbers) 

0,003 
5.2% 

-0.001 
-0.2% 


T95 
(-550 


Particulate 
g/Hp-hr 

% 

NOx 

g/Bp-br 

% 


-O.012 
-19.4% 

0.008 
1.4% 


-0.003 
-5.2% 

-0.019 
-3.4% 


-0.004 
-6.9% 

0.026 
4.6% 



Table 6 below was produced by combmmg the published results of Table 
5. with the properties measured hi Table 3 and the emissions results of Table 4. 
The resulting test data indicates the ejipected change in emissions as projected 
by the EPEFE equations versus the actual changes measured during emissions 
testing on each of the fiiels listed in Table 5, Agahi. aU results are referenced to 
Ftiel 4 as the base ftoeL 
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TABLE6 



Pollutant 



Poel4vs. S 



Fuel 3 vs. 5 



Particulate 



Projected 
Actual 



-3.9% 
-1.5% 



-27.7% 
^3.1% 



NQx 



Projected 
Actual 



1.2% 
-3.4% 



1.4% 
-13.1% 



Fuel 4, the conventicmal fa&l, shows very close agreement with the 
predictions differing by only a slight amount with particulate emissions 2.4% 
C3.9%-"1.5%) worse dian expected and NOx 4.6% (1 .2%-'3.4%) better flian 
expected. For Fu&l 3, the contrast from Fuel 5, the base fuel, is quite different 
and unexpected. In fact, applicants' diesel fuel blend exceeded the petfonnance 
predicted for particulate emissions (55.6% above projection [C43.1%-" 
27.7%)/.277]) while at the same time dramaticaDy decreasing NOx 
emissions(1036% above projection [(1.4%--13.1%y.014). According to these 
projections, an injprovement in particnlate emissions is eqpected fear Fuel 3 and 
the above data not only bears this precficlion out but exceeds it In addition, the 
EPEFE predictions predict a slight increase in NOx. However, in contrast to this 
prediction, the data reveals that applicants' diesel fUels resulted in a substantial 
reduction in the NOx emissions above ihe predicted value. Thus, applicants 
diesel fuels sinmltaneously result in both large NOx and particulate emissions 
reductions. Such results are unexpected and directly contradictOTy to the well 
recognized predictions. 

In the claims henanafter, sulfur is to be measured by x-ray fluorescence, 
for exanq>lB as described in ASTM D-2622; cetane is to be determined using 
ASTM D-613; density is to be measured by IM052; and T95 is to be deiennined 
byASTMD-Se. 
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CLAIMS: 



1. A diesd fud blend conqsising 

a Hschfir-Ttopsch derived hydrocarbon distillate having a T95 of at 
least 60CrF, and 

a petroleum derived hydrocarbon distillate having a T95 no greaiei 
wherein tti& bknd has a sulfur content less than 500 wppm. 

2. The fudblQtid of daimlwher^ the blend has an initial boil^ 
pfont of at least 280^ F and a T95 below about 700° F. 

3. The fb^bleod of clainilwhexein the blend has an initial bo^^ 
point of at least 300* P and a T95 below about 680° F. 

4. The fuel blend of claim 1 wharein the blend has an initial boiling 
point of at least 320" F and a T93 below about 640* F. 

5. The fuel blend of daim 1 wherein the Hscher-Tropsch derived 
hydrocarbon distillate has an initial boiliiig point of at least 300* F and a T95 of 
at least 650^ F. 

6. The fuel blend of claim 1 wherein the Fischer-Tropsch derived 
hydrocarbon distillate has an mitial boiling point of at least 320° F and a T95 of 
at least VOC^F. 

7. The fiiel blend of claim 1 wherein the petroleum draived 
hydrocarbon has a T95 below 600<^ F. 
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S. He fuel blend of claim 1 wherein the blend has a sulfur content of 
less than 150 wppm. 

9. The fuel blend of claim 1 wherein the blend has a sulfur cont^t of 
less than SO vrppm. 

10. Hie fuel blend of claim 1 wherdn the blend has a sulfur content of 
less than 30 wppm. 

11. Thd fuel Mend of claim 1 wha-ein the Rscher-Tropsch distillate 
comprises 5-90 vol. % of the blend and fiie petroleum distillate comprises 90-5 
vol. % of Ihe blend. 

12. TTie fudl blend of claim 1 wherdn the Rschar-ltopsch distillate 
comprises 20-80 voL % of the blend and the petroleum dstill^ comprises 80-- 
20 vol % of the blend. 

13. The fuel Moid of claim 1 wherein the Rscher-Tropsch distillate 
comprises 30-80 vol. % of the blend and the peUoleum distillate comprises SO- 
SO vol. % of the blend. 

14. The fuel blMd of clahn 1 whCTBm the blead contains less than or 
equal to 1 1 wt % polyaiomatics and acetane numbw of at least 50. 

15. The fuel blend of claim 14 wherdn the blend contams less than or 
equal to 5 WL % polyaromatics. 

16. The fuel blend of claim 15 wherein the blend contains less Uian or 
equal to 1 wt % polyaromatics. 
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17. The fuel blend of claim 14 wherein tlie blend has a density ranging 
from about 0.79 to about 0,85. 

18. A method of jo-oducing a low sulfur fudl useful as a diesel fuel with 
low emissions after combustion from a petroleum derived hydrocarbon distillate 
having a T95 no greater than 640" F, comprising blending said petroleum 
distillate with a Fischer-TVopsch derived hydrocarbon distillate having a T9S of 
at least 600* F» wheieia the Fischer-Tropsch distillate comprises 10-90 vol. % of 
the blend and the blend has a sulfur content of less than 500 wppm. 

19. Ihe method of claim 18 wherein the blend has a sulfur content of 

I 

less than ISO wppEm. 

20. The method of claim 19 wherdn the blend has a sulfur content of 
less than 50 wppm. 

21 . The method of claim 20 wherein the blend has a sulfur content of 
less than 30 wppm. 

22. The method of claim 18 wherein flie blend has an initial boiling 
point of at least 280^ F and a T95 below about 70(y F. 

23. Ihe method of claim 18 wherein the blend has an initial boiling 
point of at least 30(r F and a T95 below about 680* F. 

24. The method of claim 1 8 wherein the blend has an hiitial boiling 
pomt of at least 320* F and a T95 below about 640" F. 



wo 01/83401 




PCTAJSOl/10857 



-20.- 



25. The method of claim 1 8 wherein the Kscher-Tropsch derived 
hydrocarbon distillate has an initial boiling point of at least 300** F and a T95 of 
at least 65CrF. 

26. The method of claim 18 wherein the Hscher-ltopsch derived 
hydroca3Aon distillate has an initial boiling pomt of at least 320* F and a T95 of 
at least TOCTF. 

27. Themethodof claim 18 wherein the Rscher-Tropsch distillate 
cornprises 5-90 vol. % of the blend and the petroleum distillate comprises 90-5 
voL%of theblmd. 

28. The method of claim 18 wherrin the Kscher-Tmpsch dja tiliflrft 
comprises 20-80 voL % of the blend and the petrolemn distillate conq)rises 80- 
20 vol. % of the blend. 

29. The mediod of claim 18 wherem the Fischer-Tropsch distillate 
comprises 30-80 vol. % of the blend and the petroleum distillate comprises SO- 
SO vol. % of the blend. 

30. The method of claim 18 wh«ein tie blend contains less than or 
equal to 11 wt % polyaromatics and a cetane nnmbOT of at least 50. 

31. The method of claim 30 wherein the blend contains less tb?m ot 
equal to 5 wl % polyaromatics* 

32. The method of claim 3 1 wherein the blend contains less than or 
equal CD 1 wt. % polyaromatics. 
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